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The feasibility of growing device-quality cubic GaN/GaAs~001! films by metal organic chemical
vapor deposition has been demonstrated. The optical quality of the GaN films was characterized by
room-temperature photoluminescence measurements, which shows a full width at half maximum of
46 meV. The structural quality of the films was investigated by transmission electron microscopy.
There are submicron-size grains free from threading dislocations and stacking faults. More
importantly, a cubic-phase GaN blue light-emitting diode has been fabricated. The device process,
which is very simple and compatible with current GaAs technology, indicates a promising future for
the blue light-emitting diode. © 1999 American Institute of Physics. @S0003-6951~99!01416-3#Research on gallium nitride ~GaN! -based materials and
the related semiconductor optoelectronic devices, pioneered
by Pankove et al.1 have attracted much attention because of
their wide applications. Recently, GaN blue laser diodes
~LDs! fabricated on sapphire substrates have been reported to
have a lifetime of over 10 000 h under continuous-wave ~cw!
operation at room temperature ~RT!.2 GaN blue LDs are key
components for next-generation DVD as well as high-density
optical memory and high-speed laser printing. High-
brightness hexagonal GaN light-emitting diodes ~LEDs!,
which are commercially available, enable the production of
full-color out-door displays. More applications for the GaN
LEDs are expected.3 However, wide use of GaN LEDs will
be limited because they are still too expensive. The mirror of
a GaN LD on a sapphire substrate is usually obtained by
etching instead of cleaving. An etched mirror leads to a de-
graded far-field pattern, which prevents the application of the
LDs in the digital versatile disk.4
Up to now, most of the research efforts have focused on
the hexagonal-phase GaN which has a wurtzite structure.
This structure is the most stable phase GaN in nature. The
metastable cubic-phase GaN, which has a zinc-blende struc-
ture, does not exist in nature. However, it can be fabricated
by a nonequilibrium epitaxial technique on a crystalline sub-
strate with a cubic structure, for example, on a GaAs sub-
strate. A GaN device grown on a GaAs substrate will enable
easy device processing. This is the most attractive advantage
since it will significantly reduce production cost. Further-
more, the mirrors essential for LD can be easily cleaved.
Despite these advantages, only very few studies of cubic
GaN ~Ref. 5! have been reported, compared to those of hex-
agonal GaN. Many researchers are doubtful about the crystal
quality and the stability of the metastable cubic phase. How-
ever, cubic GaN has begun to draw more attention recently5
due to some predicted advantages over hexagonal GaN, such
as higher carrier mobility,6 easier p-type doping,7 and a nar-
rower energy band gap which means it is easier to reach the
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not yet been fully exploited.
In this letter, we report our recent study of cubic-phase
GaN blue LEDs on GaAs substrate. The objective of this
letter is to demonstrate the feasibility of a metastable-cubic
GaN device. It is also the objective of this letter to report the
crystal quality of metastable-cubic GaN achieved by an epi-
taxial technique.
Cubic-phase, GaN layered structures are grown on
epiready Si-doped GaAs~001! substrates by metalorganic va-
por phase epitaxy ~MOVPE!. H2 is used as the carrier gas.
Ammonia (NH3), triethylgallium ~TEGa!, and biscyclopen-
tadienylmagnesium (CP2Mg) are used as N, Ga, and Mg
precursors, respectively. A GaN buffer layer is first grown at
550 °C for 5 min, and then an n-type and a p-type GaN
epilayer are deposited at 850 °C, successively. The p-type
conductivity is verified by a rectification typing probe.8 The
thicknesses and conductivity levels are 1 mm, 0.01 V cm for
the n-type layer and 0.5 mm, 5 V cm for the p-type layer,
respectively. The n-type GaN layer is not intentionally doped
while the p-type GaN layer is doped with Mg and annealed
at 800 °C for 30 min. The LED layered structure is com-
pleted after evaporating the electrodes on both the n1-GaAs
substrate and p-type GaN top layer. AuGeNi and AuZn al-
loys are used as n- and p-type contact metals, respectively. It
is a very simple structure compared with the commonly used
hexagonal GaN LED structure grown on sapphire
substrates.9 Finally, the wafer is cleaved into 300 mm3300
mm LED chips. It is noticeable that the above GaN LED
processes are compatible with the GaAs-based LED pro-
cesses currently used in the industry.
Electroluminescence ~EL! spectra are measured from
LED chips at RT under cw conditions. In addition, photolu-
minescence ~PL!, x-ray diffraction ~XRD!, and cross-
sectional transmission electron microscopy ~XTEM! are used
to characterize the crystal quality of the LED as well as the
GaN layers. A He–Cd laser ~325 nm! is used as the excita-
tion light for PL measurements. A monochromator and pho-
tomultiplier setup is used for both EL and PL measurements.8 © 1999 American Institute of Physics
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1AL double-crystal diffractometer employing Cu Ka1 radia-
tion from a rotating-anode source and a Ge~004! monochro-
mater. A Philips CM12 transmission electron microscope is
operated at 120 kV for morphology imaging.
EL spectra from a LED with the above structure are
shown in Fig. 1. It can be seen that the EL spectra are peaked
at around 430 nm, which is in the blue region of the visible
wavelength range. The peaks are about 300 meV below the
band-gap energy of cubic GaN.10 Therefore, the emissions
might originate from impurity mediated recombination. As
the driving current density increased, the emission peaks
shift towards higher energy. This blueshift might come from
filling of the related impurity band. The intensity of the blue
emission is linearly related to the driving current density in
the range of the measurement, as shown in Fig. 1. The inten-
sity is not saturated up to the highest driving current density
used here.
The turn-on voltage of the LED is about 6 V. A fitting of
the function I5I0 exp(eV/nkT) to the forward I–V curve
leads to an n value larger than 20. This is the behavior of
neither a p–n junction or a Schottky barrier. It is more likely
the behavior of backward leakage or breakdown of the non-
Ohmic contact between p-type GaN and the electrode. To
improve the contact the doping level of the p-type layer must
be increased.
Figure 2 shows an XRD profile of the p–n junction used
in this device. The peaks at 39.8° and 86.3° correspond to the
~002! and ~004! reflections of cubic GaN. The lattice con-
stant from our XRD measurements is 4.53 A, which is well
within the range previously reported.11 No peaks correspond-
ing to hexagonal-phase GaN are observed. The structural
quality of the p–n junction is characterized by taking an v
scan of the GaN ~002! reflection. The full width at half maxi-
mum ~FWHM! of the v scan is 25 arcmin, which is slightly
larger than those of undoped GaN films. This indicates that
Mg doping does not degrade the structural quality of the
FIG. 1. Electroluminescence spectra of a cubic GaN LED grown on a GaAs
substrate. The emission peaks are centered at the visible blue range. Each
curve in the figure is measured at RT under different driving current densi-
ties ranging from 50 to 350 A/cm2 with an increment of 50 A/cm2, respec-
tively.Downloaded 22 Jun 2010 to 159.226.228.7. Redistribution subject tocubic GaN film too much, and does not cause the film to
transform into a hexagonal phase.
The structural and optical qualities of the films were in-
vestigated by XTEM and RT PL. Figure 3 is an XTEM im-
age of an undoped cubic GaN film. The crystal defects pre-
vailing in the cubic GaN films and hexagonal GaN films are
different. In the hexagonal GaN films, threading dislocations
and grain boundaries are the main crystal defects.12 As we
can see from Fig. 3, the main crystal defects in the cubic
GaN films are the stacking faults lying in the $111% planes.
There are also large crystal grains bounded by stacking
faults. It is noticeable that the grains are free from threading
dislocations and their size is in the submicron range.
Figure 4 shows a RT PL spectrum of the undoped GaN
film. Only the band-edge emission of the cubic GaN at 3.2
eV ~Ref. 10! is observed while that of hexagonal GaN at 3.4
eV is absent. This indicates that the film is pure cubic-phase
GaN. A two-peak Gaussian fit to the band-edge emission
peak is shown in the inset of Fig. 4. A FWHM of 46 meV is
determined from the fit, indicating good optical quality of the
cubic GaN film. Second, the intensity of the yellow band is
very weak. The small peak at 2.8 eV might come from a
residual Mg impurity because the 2.8 eV peak is dominant in
the Mg-doped samples.
FIG. 2. Double-crystal x-ray diffraction profiles of the p–n junction used in
this device. The cubic nature of the p–n junction is clearly proved.
FIG. 3. Cross-sectional transmission electron microscopy image of a cubic
GaN film. The main crystal defects are stacking faults. It is noticeable that
there are submicron-size grains free from threading dislocations.
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ing metastable-cubic GaN on GaAs~100! substrates. The cu-
bic GaN-on-GaAs device structure is very promising for
both blue LED and LD applications. The cost of blue LEDs
can be made comparable with that of other GaAs-based
LEDs. Furthermore, an improved far-field pattern can be ex-
pected from a cubic GaN-on-GaAs LD since the mirrors nec-
essary for lasers can be easily cleaved.
FIG. 4. Room-temperature photoluminescence spectrum of a cubic GaN
film. The inset shows a two-peak Gaussian fit to the experiment data.Downloaded 22 Jun 2010 to 159.226.228.7. Redistribution subject toThe prevailing crystal defects in the cubic GaN films are
different from those of hexagonal GaN films. XTEM image
shows submicron-size grains bordered by stacking faults ly-
ing in the $111% planes.
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